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ABSTRACT

o

3

The TAC CONTENDER air warfare model has demonstrated that it does
not always produce mutually enforceable (optimum) strategies for
Red and Blue forces as claimed by the developers of the model;
moreover, the bandwidth, which is the "nearness" of the model's
game value to the actual game value in terms of net tons of ord-
nance, can be quite large.
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This Technical Memorandum examines these strategies and makes recom-
mendations for certain modifications to make the model more effective.
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INTRODUCTION

The research reported on in this technical memorandum was performed i..
response to Blankenship's paper (reference (1)). This research was con-
ducted to verify the results reported by Blankenship, explain the results
as a special case of limited importance, or explain the results which
might be due to mistaken methods. The last possibility was viewed as
being of limited probability but deserving consideration, while the first
was vicwed as being unlikely due to the confidence built by extensive

use of the model and its apparent reliability and intuitively good results.
In addition to validating this earlier work, it is believad that the inves-
tigation of the distribution of TAC CONTENDER answers could be useful in
understanding the "band of enforceability". The final results of this
research verify Blankenship's work and amplify its importance.

Before actually stating the problem a cautionary note is presented. Two
terms, "adaptive strategies” and "non-adaptive strategies, enter into

the problem - with disagreement as to which applies to TAC CONTENDER.

Due to their complexity, these terms are defined in the discussion section.
As Blankenship notes (and this also applies to the authors' research con-
tained in this memorandum), the tests he conducted only have meaning when
TAC CONTENDER is regarded as yielding non-adaptive strategies. Mr. Louis
Finch, one of the developers of TAC CONTENDER, contends that it is used
properly only when the strategies it yields are regarded as adaptive

strategies. Since the various organizations erploving the TAC CONTENDER model

interpret the strategies generated as being non-adaptive as presented b
Falk (reference (2)), this research indicates a need for modifying the
use of the model and for further research into the question of what the
model does. This research is currently under way.
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DISCUSSION

Given the assumption that the TAC CONTENDER strategies under discussion
be regarded as non~adaptive the problem is stated below with a general
description of TAC CONTENDER and some definitions.

TAC CONTENDER simulates an air war with given inputs, such as numbers

of uirplanes, resupply of airplanes, shelters, length of rhe war, sortie
rates, etc. It allocates the aircraft available to both sides to four
different tasks: combat air support, battlefield defensc¢, airfield actack,
and airfield defense. The allocation is made for each of n days of the
war, and the set of allocations for each side may be called that side's
strategy for the war. Iin order to associate the value of airpower to a
ground war, the model computes the number of tons of ordnance each side
delivers in combat air support. The forces for each side are altered daily
by modeling aircraft attrited and resuppliec throughout the war. TAC
CONTENDER purports to compute the "optimum" strategies to approximate the
"game value" in terms of the difference of the two sides' tons of ordnance
dzlivered in combat air support. A more complete description of this model
may be found in reference (3).

The following definitions are applicable: "Adapi..e str:tegies" refers

to considering day by day allocations and adapting the succeeding day's
strategy to make best use of the enemy's mistakes of the current day. The
implication for a war of n days is that for each possible strategy bty o:2
side, there is a counter strategy given for the other side. This is a
simple enough concept with certain obvious merits, enough so that one “ould
ask of what use would strategies be which did not take the past irto
account.

Before attempting to justify non-adaptive strategies, the word "optimum"
should be discussed. If there is a decision matrix formed by two sets
of decisions, one set for each side, and a pairing of these decisions,
requiring each side to decide simultaneously, a pair of decisions can
be said to be "optimum". This decision is "optimum" if, given side
one's decision, side twe has picked the best possible for himself, and
given side two's decision, side one has picked the best possible for
himself.

The strategies which TAC CONTENDER yields are adaptive in one sense,

i.e., each day's allocation depends on the previous day's allocation and

the results of that day's fighting - how many planes are left. In another
sense, the output of TAC CONTENDER includes only one overall game strategy for
cach side, which seems to require that the strategies be viewed as non-adaptive.
Since an optimum non-adaptive strategy is considered to be better than a

sct of non-optimal adaptive strategies (Falk (2), p.9), there is justification
for non-adaptive strategies being considered.
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Since TAC CONTENDER is subject to some misinterpretation by its users,

its problems can often be compounded. Obviously, where there is a

difference in opinion among the cognoscenti, thé users may be forgiven their

misinterpretations. We have mentioned the adaptive/non-adaptive question

above. Another point which can be misinterpretated is the meaning of the

daily strategies which are output. The format is of up to 10 "pure"

strategies for each side, with associated "probabilities". The 20 possible

"pur.” strategies which are often used are given in figure 3. Very often

the "probabilities" are interpreted as frequency coefficients in the following

sense: Suppose for a particular day, for one side, two pure strategies are

: listed, numbers 1 and 20, with probabilities 0.5 each. This strategy is
interpreted as meaning that 507% of that side's forces for that day should
perform airfield defense and 50% battlefield attack. This is not the

v interpretation which matches with the design of TAC CONTENDER. The irter-

pretation which should be placed on this example is that if the war is played

nuwerous times, and 50% of the games play strategy 1 on that day for that

side ané 50% play strategy 20 (with similar action for the other side ana

other days), then the average tonnage difference (net tons) will be as predic-

ted. This interpretation is useless for those wisning to use TAC CONTENDER

to produce daily allocations (except for a Monte Carlo model's distribution

functinn input); nevertheless, it is the correct interpretation.

I

The above discussion provides a general concept of the operation of

‘AC CONTENDER. The problem arises when TAC CONTENDER is assumed to yield the
non-adaptive optimum strategies. Actually there is no claim zhat the i

optimum has been achieved, but that the TAC CONTENDER game value is "rear”

the actual game value, in terms of net tons. This "nearness" is r:ferred

to as bandwidth. The authors of SABER GRAND (ALPHA) (3) claim TAC ZoXTEXNDER

maintains a narrow bandwidth. Blankenship (1) showed that in three games :
the optimum is not achieved and that in at least two of them the bandwidth
is not less than 20,000 tons, which in this sense does not appear to be
"narrow".

O

In general, it is believed that Blankenship's findings cast doubt on

TAC COWTENDER's ability to perform as advertised. To substantiate

this cortention, the first task was a check of Blankenship's exnerimental
methods. As expected, no errors of note were discovered. Tbe next step

was to produce a distribution of strategies, some playing the TAC CONTENDER
Blue strategy against various Red strategies, and some playing the TAC
CONTENDER Red strategy against various Blue strategies. This yielded two

* things, a distribution of results in tons so that standard deviations could
be calculated and "nearness" properly evaluated, and a check onthe hypothesis
that the TAC CONTENDER result was a "local" optimum rather than a "global”
optimum, which would be a reasonable state of affairs. 1In fact it was

found that the TAC CONTENDER result is not a "glohal” optimum, with no

reason to believe it is a "local" optimum, and that the bandwidth is not
narrow.
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EXPERIMENTAL DESIGN

Figure 1 represents an idealized graph of the Air War Allocation
Problem solution space, with both the Red and the Blue strategy sets

represented as continuous, onc-dimensional variables. This figure assumnes
the existence of a solution. The axis from left to right is the Red
strategy sct, the axis extending out from the paper is the Blue strategy
set, and the vartical axis is the difference in tons, Blue minus Red, of the
gane <core. With these assumptions, the game solution is vepresented as
being at the saddle point. This is the point for which no greater game score
can be obtained by holding the Red strategy constant and varying the Blue
strategy and for which nc smaller game score can be obtained by holding

the Blue strategy constant and varying the Red strategy. In fact the Air
war Allocation Problem which is addréessed by TAC CONTENDER (with the non-
adaptive strategics assumption) has a multi-dimensional solution space,

v1th dimensionality depending on the number of days of the war and the
number of pure strategies allowed in the mix. A figure analogous to figure
1 exists, but can't be drawn, as more than 3 dimensions are required.

1f the stratepy variables of a problem are not continuous, hut are
discrete and finite, or if only a finite subset of the solution space is
known, the information contained in figure 1 can also be represented in
tabular form as in rigure 2. As before, the saddle point or soiution gives
the larvest game score among the Blue strategies for that Red st:ate. ..
the smallest game score among the Red strategies for that Blue strategy.
Some of the visual impact of the graph is lost because the orderin,. .1 he
strategics as they are entered into the table may not correspond wili tierr
ordering in the graph 1 the variables are one-dimensional; or, if the
strategy sets are of greater dimension than 1, there is no lunear ordering,
Whatever the loss of visual impact, there i1s a compensation in computa-
tional case: only a finite number of points nced to be checked. The entry
which is simultancously the smallest in its row and the largest in its
column is the saddle point--fer the solution set in the table. This last
point is very important: if one is dealing with a subset of a solution
space, one can only find the optimum strategy pairing and game value for
that subsct,

The game scores in figure 2 have been selected so that the Blue-Saddle/
Red-Saddic strategy pairing gives the saddie point. In all the recent
literature on TAC CONTENDER, the point is made that TAC CONTENDER is not
exacl in its solution, but that it is close. In the example in figure 2,
we might suppose that Blue-4/Red-1 is picked as optimal (note 1t 1s the
saddle point of the restricted table without the saddle entries). The
paitring of strategies yields a game score of 1280 rather than the saddle
point score of 1295, As a method of checking this pairing without gencrating
the whole table (which would be ecconomically infeasible with a large table) .,
one could generate the row and column which have this pairing as an
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Figure 1. Sample Solution Space .

Ay At VA

RED
BLUE SADDLE 1 2 3 4

s

SADDLE 1295 i300 1500 1400 1600

E

1000 1200 1405 1280 1500

‘f“m i »;:ﬁ
[}
—

2 1100 1250 1460 i300 1560

2 3 900 1000 1100 1050 1200

e 4 1200 1280 1485 1350 1590

Figure 2, Example Problem
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Checking the row under the assumption that 128C should be
the smallest entry, one finds instead that the smallest is 1200, which is
not much smaller. Checking the column under the assumption that 1280
should be the largest entry, one finds that the largest is 1300, which

is not much larger. Thus it is concluded that the approximation was close.
If the pairing Blue-3/Red~Saddle had been chosen, it can be seen that the
approximation is not as close, since there is a larger difference and
since Blue-3/Red-Sadcle not only is not the largest approximation in its
column, but rather it is the smallest.

The TAC CONTENDER problem is similar to the example in the preceding
paragraph. TAC CONTENDER presents a game score and daily allocations for
each side, whicii are commonly interpreted as the strategies which are the
nearly optimal ones producing the game score near the saddle point, if it
exists., ‘The ovjective is to check to see how close it is to being the
smallest entry in its row, how close to being the largest in its cdblumn, and
the distribution of game scores in each. Since the variables are continuous
and multi-dimensional, a complete row or column could not be geénerated.
Instead a <ample was taken with an attempt to make the sample répresentative.

Technical problems were encountered in insuring that the pairs of
strategies could be entered into TAC CONTENDER so that the model would
evaluate the game as if it had produced them and in generating the variant
strategies to be as representative as possible. The first problem was
solved by extracting the strategies produced by TAC CONTENDER in the
particular gamec chosen for evaluation, and then inserting these strotcgies
into the modification for the purpose of drawing down the forces o: cach
side and producing the game score. Since the output of the original game
and the payoff game agreed, the method was dcemed correct., Appendix A

is a listing of the file containing the strategies of the original ganme,
with slight format changes for readability. Reading appendix A from left
to right, the first number is a strategy number for Blue. (The strategy
numbers are defined in figure 3 as to what portion of the force is to be
allocated to cach of the four tasks.) Tie second number is a strategy
number for Red. The third and fourth numbers are the probabilities for the
two stratogy numbers for Blue and Red respectively. For each day, there
are 10 lines, representing the allowance of up to 10 strategy numbers for
that day. As this par.icular game is a 60-day war, there are 600 strategy-

probability lines.

The second problem was solved using a uniform distribution random

number generator. Appendix B is a listing of the program which generates

the variant Red strategies retaining the TAC CONTENDER Klue strategy.

The process involves reading in the 601st line of the strategy file (which is
the random number generator seed), generating randcm numbers, then writing
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Strategy
Number

Battlefield

Battlefield

Attack Defense

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
.33
.33
«33
.33
.33
«33
.67
.67
.67
1.00

0.
0.
0.
0.
.33
.33
.33
.67
.67
1.000
0.
0.
0.
.33
.33
67

0.
.33

Figure 3. Pure Strategies
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Airfield
Attack

Airfield
Defense
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.33
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1.00

0.
.33
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.67
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0.
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0.
0.
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out the last number as the seed for the next time. Also read in is the
602nd line which tells how many times the file has been used. As each
use produces a whole set of daily strategies for Red, and 50 Red

variant strategics were produced, this number is incremented from 1 to 50.

The exact process decided upon was to generate a randomly picked
strategy number for each non-zero strategy number and to generate new,

random frequencies for each strategy number, As some strategy numbers in
the original game have zero frequencies (sece day 10 of appendix A) thus
contributing nothing to that day's strategy, this allows for some days
having more strategies in the variant cases than in the original. Further,
since the randomizing system allows a strategy number to appear more than once
in a day, this means the variant may also have effectively fewer strategies
than the original. A constraint is imposed on the frequencies appearing
for ecach side on a given day: they must add to 1.0. To achieve this in
the randomized case, while retaining randomness, the random numbers picked
as frequencies for a side are summed and each divided by the sum, to
normalize them. A similar program was used to generate 50 Blue variant
strategies to play against the TAC CONTENDER Red strategy.

These 100 games were played using the TAC CONTENDER pavoff modification.
The results are tabulated in figure 4., Included also in this table are

the figures for the difference in aircraft remaining for each game and the
figures for the original game. As can be seen, the figures for the “¢' varia-
tions are larger than those of the original game, as should be for & saddle
point. The figures for the Blue variations show that Blue can improve its
score, not just by a small amount, but by a large absolute figure, and that
the TAC CONTENDER result is in fact almost equal to the mean for the sample.
(Sece figure 7 for means and standard deviations of the various samples.)

Thus, in no way is it likely that the strategies of the original game could

be near those which produce a saddle point,

A further sample was produced by allowing only strategies 1, 4,
10, or 20 (those strategies with 100% allocations) to Blue, with each

third of the war having only one of these allowable strategies, varying

over the 64 possibilities and playing these variations against the original
Red strategy. This is that half of the sample space tested by Blankenship

(1) which produced a contradiction to optimality in this game and as can

be seen in figure 5, the results are even more extreme. Figure 6 is a

graph of the net aircraft and net tonnage scores derived from figures 4 and 5.
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RECOMMENDATIONS

Even from this sample, it is obvious that the TAC CONTENDER strategies
cannot be regarded as optimal as far as the advertised measure, net
tonnage, is concerned. (An interesting fact was noted. It appears

that the original game may be a saddle point for the aircraft scores, as
is the case for this sample space.,) This implies that any past result
based on TAC CONTENDER output should be reviewed.

. Major modifications to the output of TAC CONTENDER and its interpretation
should be made. The output concerning the daily strategies should be
suppressed, thus avoiding the temptation to misinterpret the strategics.

. Essentially only the graph which shows convergence of wars and the payoff
table at the end should be retained as output. Further analysis of the
functions and utility of the model is recommended.
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